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Abstract 
The negative effect of deicing salt on surface water have been reported by a number of studies, but there is a lack of 
knowledge about the effects of deicing salt on the growth behavior and the change of biochemical composition of 
algal Chlorella vulgaris (C. vulgaris). Algal were cultured at different concentration of deicing salt, algal cell 
densities, chlorophyll (a), protein and polysaccharides contents were measured. The results of this work showed that 
deicing salt had statistically significant inhibitory effects (P<0.01) on the cell growth of algae, and the best-fit 
predictive equation of algal cell densities (Dalgal, algal cells m/l) versus concentration of deicing salt (Csalt, g/l) after 7-
day culture in this experiment was presented as a quadratic equation with Csalt being the independent variable and 
Dalgal being the dependent variable (R2=0.944, P<0.01). The contents of chlorophyll (a) in C. vulgaris cell exposed to 
different concentrations of deicing salt suggested that the chlorophyll (a) content significantly decreased (P<0.05) 
with the concentration of deicing salt higher than 4 g/l. Deicing salts also caused the trend of proteins contents 
decrease in C. vulgaris cells, and significantly increased (P<0.05) the contents of polysaccharides in algae cell at 2 g/l 
deicing salt, however, the change of that was not significantly affected at deicing salt concentrations higher than 2 g/l.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Deicing salt has been used widely to aid in snow and ice removal in snow areas in northeastern China 
during the winter season [1]. Deicing salt is accumulated in the environment, which has lead to potential 
ecological risk on surface and groundwater when ice-snow melt water dissolves deicing salt constituents 
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through runoff [2]. Due to deicing salt application every year in cold regions, chronic inputs of deicing 
salt have showed adverse impact on aquatic organisms and the aquatic ecosystem [3].  
Environmental stress conditions influence physiology and biochemical compositions, which may lead 
to the death of microalgae. Numerous studies show that deicing salt influenced the growth of aquatic 
algae adversely. Bridgeman [4] found that biodiversity of the benthic community was adversely affected 
by increased chloride concentrations in lake sediments. Briggins [5] demonstrated that Na+ promoted the 
growth of Cyanobacteria when Na+ concentration was more than 40 mg/l, which caused excessive growth 
of Cyanobacteria. 
Algae plays an important role in the equilibrium of aquatic ecosystems due to that it is the first level of 
the trophic chain for producing organics and oxygen [6]. Some biological substances such as chlorophyll, 
protein and polysaccharide relates to the normal growth of algae. Photosynthesis is the foundation of 
algae to maintain life and its key substance is photosynthetic pigment [7], and some kinds of proteins 
were material guarantee of the normal physiological function [8]. Polysaccharide is the important material 
of algae to maintain osmotic equilibrium, and it can provide the integrant energy for photosynthesis. 
According to the statistical data from Shenyang Environmental Sanitation Engineering Design and 
Research Institute, Liaoning province, China, the application amount of deicing salt in Shenyang city was 
about 10, 000 tons in 2007, these salts input has been proved to increase the salinity in both small and 
large surface water and ground aquifers [9]. Green algae are the most species of algae in northeast China, 
and the advantages of Chlorella include its rapid growth rate, mass production and the ability for it to be 
cultured on a large scale [10]. This study was undertaken to investigate the impacts of deicing salt on the 
growth behavior and some biochemical changes of Chlorella vulgaris.  
2. Materials and Methods 
2.1. Materials 
C. vulgaris was generously provided by freshwater Algae Culture Collection of the Institute of 
Hydrobiology, China. Deicing salt was produced from Weifang Jingxin Chemical Co., LTD, China. 
2.2. Growth conditions and pretreatment 
The algae were cultured to increase cell numbers in 500 ml erlenmeyer flasks. The flasks were covered 
with sealing film for sterile culture vessels and each one contained 150 ml of inoculum and the culture 
medium. Nutrient medium consisted of NaNO3 (1.5 g/l), K2HPO4 (0.04 g/l), MgSO4·7H2O (0.07 g/l), 
CaCl2·2H2O (0.036 g/l), Citric acid (0.006 g/l), ferric ammonium citrate (0.006 g/l), EDTANa2 (0.001 g/l), 
Na2CO3 (0.02 g/l), Trace mental solution, 1 ml/l in distilled water. C. vulgaris was cultivated in a GXZ-
280B illumination cultivation cabinet (Ningbo, China) at the temperature of 25±2ć  in the light 
(3600Lux), photoperiod 12 h/12 h (day/night). To avoid sticking, they were shaken 3-5 times per day. 
After one-week cultivation, the cells in exponential phase were used for the growth inhibition tests of 
algae exposed to deicing salt. The concentrations of deicing salt were 0, 2, 4, 6, 8 and 10 g/l with three 
replicates. 
2.3. Algal cell densities and growth inhibition tests 
Algal cell densities for each flask were measured daily at the same hour by a Leica BME microscope 
(Shanghai, China) with counting chambers. The inhibition rate ( ) was calculated as follows: 
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                                                                                                     (1) %100)/1( 0NN
where N is numbers of cells in the control, N0 is the numbers of cells in the concentrations [7]. 
2.4. Chlorophyll (a) content tests 
Chlorophyll (a) was measured by alcohol extraction, and it was improved. Samples (around 5 ml) were 
centrifuged at 5000 r/min for 10 min every 24 hours by TGL-16G centrifuge (Shanghai, China). The 
sediment was subjected to 5 ml ethanol. After placed in the dark 24 hours, the cellular homogenate was 
centrifuged at 5000 r/min for 10 min. The supernatant were measured using Cary-50 Conc UV-Visible 
spectrophotometer (USA). Chlorophyll (a) was calculated as follows: 
                               
nmnm ODODLmgChla 649665 88.695.13)/(                                               (2) 
where OD665 nm is the absorption at wavelength of 665 nm, OD649 nm is the absorption at wavelength of 
649 nm. 
2.5. Protein and polysaccharides content tests  
Samples (around 10 ml) were centrifuged at 5000 r/min for 10 min and re-suspended in phosphate 
buffered saline. After freezing and thawing, the cellular homogenate was centrifuged at 5000 r/min for 10 
min. The supernatant was stored at 4℃ for protein and polysaccharides contents tests. 
The contents of protein were determined according to the coomassie brilliant blue G250 provided by Li 
Ruliang [11]. Bovine serum albumin (BSA) was used to draw standard curve. 
The contents of polysaccharides were determined according to sulfuric acid-anthrone colorimetric 
method with wavelength at 625 nm. Glucose was used to draw standard curve. 
3. Result and Discussion 
3.1. Effects of deicing Salt on growth of chlorella vulgaris  
The cell numbers of C. vulgaris measured every two days versus time were presented in Fig. 1 The 
data suggested that the growth curve of C. vulgaris turned out ascend trend generally and the inhibitory 
growth rate of that was decelerated as time extending.  
With the deicing salt concentration of 2 g/l, the growth rate increased after 3 days culture, which was 
similar to the control. This phenomenon showed that algae had the ability to monitor and adapt to adverse 
environmental conditions such as high salinity, whereas higher concentrations of deicing salt (4-10 g/l) 
appeared to slow down cell multiplications. The most inhibitive effects of deicing salt were observed at 
concentration 10 g/l resulting in cellular fragmentation, lysis and finally in the death of the plant culture. 
The inhibitory growth rate was increased with increasing the deicing salt concentrations and it reached in 
the range of 60-80% at concentrations higher than 4g/l (Fig. 2 ).  
Deicing salt had statistically significant inhibitory effects  (P<0.01) on the cell growth of algae, and the 
best-fit predictive equation of algal cell densities (Dalgal, algal cells m/l) versus concentration of deicing 
salt (Csalt, g/l) after 7-day culture in this experiment was presented as (Fig. 3 , R2=0.944, P<0.01) 
                                                                                                  (3) Dalgal 0.3906Csalt
2 0.79014Csalt 58.3611
Cell density were calculated according to the equation with the interval of 0.1 g/l in the range of 1-2 g/l. 
The result Cell density analyzed by one-way ANOVA with SPSS 17.0 showed that the cell density had no  
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Fig. 1. Effect of deicing salt on the cell multiplication of C. 
vulgaris. 
Fig. 2. The inhibition rate of deicing salt on the growth 
of C. vulgaris. 
statistically significant difference compared with the control at 0.6 g/l. The date suggested that in high-
salt conditions, algal cells consumed a part of energy to maintain osmotic equilibrium, and it affected the 
algal cell proliferation. In previous study, toxic and inhibitory effects of NaCl on the alga Porphyridium 
SP., which agreed with the results obtained in the present work [12]. 
3.2. Effects of Deicing Salt on Content of Chlorophyll ( a ) in Chlorella vulgaris  
Results of Chlorophyll (a) contents test have been displayed in Fig. 4 With the concentration of 2 g/l, 
the contents of Chlorophyll (a) were slightly higher compared with the control after 7-day culture. The 
Chlorophyll (a) contents with concentrations higher than 2 g/l showed a significantly decrease (P<0.01) 
in comparison with the control. This indicates that the inhibition of algal growth limited photosynthesis 
and inhibited biosynthesis of chlorophyll. The application of deicing salt in our experiments showed a 
similar inhibitory effect on algal growth as organic solvents ethanol and methanol [13]. It was observed 
by the microscope that the color of C. vulgaris became shallow gradually with deicing salt concentrations 
increasing. 
3.3. Effects of Deicing Salt on Content of Protein in Chlorella vulgaris  
The amount of protein was lower in all concentrations compared with the control after 7 days (Fig. 5). 
Compared with the control, there was a significant decrease (P<0.05) in protein contents in response to 
deicing salt stress with the protein content decrease 32.26%, 79.29%, 82.79% and 83.15% respectively 
for 4 g/l, 6 g/l, 8 g/l and 10 g/l concentrations treatment. Deicing salt caused a fit polynomial decrease of 
proteins contents in C. vulgaris cells. After 7 days treatment, a negative relationship between the protein 
contents and concentrations of deicing salt at 0-6 g/l was observed. This degradation of protein contents 
demonstrated that deicing salt inhibited biosynthesis of algal protein. Protein deficiency accelerated the 
continuous decrease of intracellular enzyme activity and also contributed to lower photosynthetic rate, 
hence slow the growth rate. 
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Fig. 4. Effect of deicing salt in different concentrations on 
chlorophyll (a) content of C. Vulgaris. 
Fig. 3. Effect of deicing salt on numbers of C. vulgaris 
cells in the 7 day. 
3.4. Effects of Deicing Salt on Content of Polysaccharides in Chlorella vulgaris  
The contents of the polysaccharides were significantly increased (P<0.01) only in the low 
concentration (2 g/l) of deicing salt in the C. vulgaris cells (Fig. 6 ). There was a less pronounced increase 
in carbohydrates in response to high-salt conditions (4-10 g/l). The data provided indicates that the 
accumulation of polysaccbarldes in C. vulgaris cells served as a buffer and maintained osmotic 
equilibrium, cells could protect themselves from salinity environmental condition. However, the 
enhanced respiration and suppressed photosynthesis caused the synthesis of saccharides decrease in high 
salts concentration. 
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 Fig. 5. Effect of deicing salt in different 
concentrations on protein content of C. 
Vulgari. 
Fig. 6. Effect of deicing salt in different concentrations on 
polysaccharides content of C. vulgaris. 
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4. Conclusions 
The work in this paper predicted the toxicological behavior of deicing salt to C. vulgaris and explained 
the factors affecting toxicity from microcosmic perspective. The growth of C. vulgaris was not 
significantly influenced in low concentration of deicing salt. However, excessive concentrations of 
deicing salt in culture medium inhibited algal growth markedly. The amount of chlorophyll (a) decreased 
obviously with increasing the deicing salt concentrations in the range of 4 to 10 g/l. There was a 
relationship as concentrations–effect between the protein contents in C. vulgaris and deicing salt. The 
amount of protein was decreased with increasing the deicing salt concentrations. Polysaccharides contents 
were significantly higher than the control group at 2 g/l concentrations, whereas it was not significantly 
influenced by other concentrations. This suggests that deicing salt can damage microalgal cells greatly 
and cause the equilibrium of aquatic ecosystems breaking. Consequently, it needs to be further 
investigated.  
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